ABSTRACT: The present work describes the molecular structure and the topology in real space of self-assembled comblike liquid crystalline polymers based on supramolecular ionic complexation of dendronized polymers and lipids. The molecular organization was studied as a function of the generation of the dendronized polymers and the length of the lipid tails, both parameters being known to strongly influence the final liquid crystalline (LC) structures stable at thermodynamic equilibrium (Macromolecules 2007 (Macromolecules , 40, 2822(Macromolecules -2830. Transmission electron microscopy (TEM) on selectively stained samples allowed imaging of the structures in real space, the identification of individual domains in the various LC phases, and direct comparison of lattice periods with values obtained by small-angle X-ray scattering (SAXS). TEM and SAXS were found in perfect agreement, and surprisingly, the alkyl tails were shown to form the discrete domains in all LC columnar phases. On the basis of these results, various possible molecular packing motifs in the LC phases were considered. First, the combination of density measurements of individual dendronized polymers and lipids with the ratio of lipid-dendronized polymer complexation, measured by elemental analysis, allowed establishing the exact volume fraction of the two supramolecular components and thus, the radii of cylinders and lamellae widths in the various columnar and lamellar LC phases observed. Then, by comparing these topological values with the contour length of the lipids, it was possible to conclude that, in all columnar phases, the lipids adopt a fully stretched configuration with homeotropic arrangement, while in the lamellar phase, lipids tails are essentially interdigitated. The control of lattice periods of LC structures in the range of 2-5 nm and the possibility to confine the lipids in the cylindrical domains make these materials as possible templates for nanoporous materials and ultra densely packed nanochannels.
Introduction
Supramolecular chemistry has gained remarkable attention during the last 20 years as a viable technique to design complex macromolecular systems based on noncovalent bonds. 1, 2 Various routes have been studied to complex different molecules together, exploiting intermolecular forces of various natures such as metal coordination, polar and hydrogen bonding, π-π interactions, and ionic complexation. The metal coordination chemistry involves weak to strong interactions depending on the type of metal and ligand used. 3 The main advantage of this route is that it offers a directional-bonding approach, for which by changing the architecture of the metal and ligand, both onedimensional coordination polymers 4 or multidimensional macromolecular complexes can be formed. [5] [6] [7] Unidirectional π-π interactions, which are characterized by medium-strong binding energies, have also been extensively used to self-assemble small oligomers into discotic liquid crystals with functional properties, such as increased charge mobility. [8] [9] [10] [11] More recently, such interactions have been used to assist self-assembly of π-conjugated rod-coil block copolymers into suitable morphologies for possible use in photovoltaic applications. 12 Hydrogen bonding is characterized by small binding energy compared to other kinds of bonding in supramolecular assemblies, which has allowed the design of comblike polymers with temperature-responsive behavior based on homopolymers with hydrogen-bonding accepting sites and hydrogen-bonding donor surfactants. 13, 14 The binding properties in hydrogenbonded assemblies can be further tuned by increasing the number of hydrogen bond acceptor-donor pairs between the substrate and the ligand. 15 This has as major effect to increase the binding energy and to provide molecular recognition mechanisms. 16 Ionic complexation is in many respects similar to hydrogen bonding, but the binding energy is sensibly higher. This is especially relevant in biological phenomena such as coacervation and complexation of biological polyelectrolytes and phospholipids [17] [18] [19] and can be used to design pH-responsive materials. With synthetic compounds, this route has been widely used to design liquid crystalline polymers with coiled, 20 rod, 21 dendritic, 22 dendronized backbones, [23] [24] [25] [26] [27] [28] [29] and metallosupramolecular polyelectrolytes. 30, 31 The liquid crystallinity is provided by the microphase separation driven by the segregation between the polyelectrolyte, which acts as macromolecular template, and the counter-charged moieties. In the most common case of ionic hydrocarbon-based surfactant moieties, the typical length scale at which these liquid crystals are structured is in the range of 2-5 nm. 32 The most reliable techniques used to characterize these structures are small-and wide-angle X-ray scattering, coupled with cross-polarized optical microscopy to distinguish among different birefringent behavior, as well as differential scanning calorimetry. On the other hand, the characterization of these supramolecular materials in the real space by microscopy techniques such as transmission electron microscopy (TEM) and atomic force microscopy (AFM) has been severely hindered by the very small characteristic feature sizes and the very weak contrast between the domains. As a major consequence, although lattice parameter can be accurately determined by scattering techniques, the exact topology and molecular organization cannot be univocally established by relying on scattering data only, and assumptions on which component is actually forming the individual domains have to be made in order to propose tentative molecular packing model for both the polymer and the ionically bound mesogenes. Yet, the exact identification of individual domains is essential when specific applications have to be targeted. For example, Ikkala et al. have developed hierarchical structures based on comblike block copolymers and surfactants in which the surfactant is first confined into hexagonally packed cylinders and successively removed by a selective solvent to yield mesoporous materials. 33 Similar concepts can be directly applied to ionically bound liquid crystalline polymers where, however, considering the smaller characteristic length scales, nanoporous material with channel density well beyond that reported for block copolymer systems can be designed. 34 In previous work, we have reported the use of cationic dendronized polymers and anionic lipids as a viable system to design liquid crystalline polymers spanning a rich phase diagram composed of columnar rectangular, hexagonal, tetragonal, and lamellar phases, all organized in the range of 2-5 nm. 28, 29 The exact topology of each phase, however, such as the identification of individual domains, volume fractions, radii of cylinders, or widths of lamellar layers, were not univocally established by microscopy due to the challenging length scales involved.
With the perspectives of using dendronized polymer-lipid complexes as templates for functional nanoporous materials with well-defined lattices, in this paper, we present a real space characterization of the various dendronized polymer-lipid LC phases based on TEM analysis, with the identification of cylinders and continuous phase in all the columnar phases. These results are first compared with small-angle X-ray scattering data and then completed by the evaluation of individual domains volume fractions via elemental analysis and density measurements. Not only has this study provided important information on the nature of the various domains and the diameter of cylinders in the different columnar phases but also made possible the understanding of the molecular packing for the lipid tails in the LC phase considered.
Experimental Section
Materials and Complex Preparation. Four different anionic sulfated surfactant salts were used for ionic complexation with cationic dendronized polymers: sodium octyl sulfate (C8) (Fluka, 95%), sodium dodecyl sulfate (C12, Fluka, 98%), sodium tetradecyl sulfate (C14, Fluka, 95%), and sodium octadecyl sulfate (C18) (Fluka, 98%).
First (PG1), second (PG2), and third generation (PG3) cationic dendronized polymers, [35] [36] [37] carrying respectively 2, 4, and 8 positively charged ammonium groups per repeat unit, were selected to form comblike ionic supramolecular complexes as schematically sketched in Figure 1 . To study the effect of the initial positivenegative charges ratio on the structure and composition of the final complexes, the stoichiometric ratio of negative sulfate:positive ammonium charges was systematically varied by a factor 2, 1, and 0.66, respectively. Complexation was realized in water solutions maintained at pH ) 3-4 in order to retain the positive and negative charges of dendronized polymers and surfactants, respectively. Lyophilized dendronized polymers were dissolved into a primary water solution under continuous stirring. Then a secondary water solution at the same pH, containing the equivalent molar mass of surfactant needed to access the targeted positive-negative charges ratio, was added dropwise to the first solution under continuous stirring. As a result of the ionic complexation between polymers and surfactants, the solution progressively became turbid, and then the complex was centrifuged and collected, then dried under vacuum at room temperature for 3 days, and finally available for chemical and physical characterization. More details on the ionic complexation procedure between dendronized polymers and surfactants can be found in a previous publication. 29 Elemental Analysis. Elemental analyses were performed on a Leco CHN-900 and Leco CHNS-932 instrument using acetanilide/ cholesterol, atropine, and caffeine as reference for calibration. For 
Cl determination, 5 mM of AgClO 4 were used as a reagent. The samples were dried rigorously under vacuum prior to analysis to remove strongly adhering solvent molecules. Density Measurements. The helium pycnometer used was a Accupyc 1330 from Micromeritics. The measurement method is based on Archimede's principle of fluid displacement and Boyle's law to determine the envelope volume of a solid.
At first, a reference was made with the empty cell. Then ca. 2 g of polymer at room temperature were introduced in the cell for measurements of the volume. Twenty cycles of measurements were acquired to yield accurate estimations of densities, and values reported are based on averages out of these series of measurements.
Annealing Procedure. The protocol of thermal annealing procedure yielding thermodynamically stable structures was as follows: the complexes were annealed for 3 days in a high vacuum column (10 -8 mBar) at temperatures depending on the specific complex considered (typically between 80 and 150°C) but always comprised between the glass transition temperature of the dendronized polymers (T g ) and the melting temperature of the lipids (T m ) and the temperature of order-disorder transition (T ODT ) of the specific liquid crystalline structure, as measured by separate temperature-dependent SAXS experiments. The achievement of thermodynamic equilibrium structures was demonstrated by the fact that samples shortly processed at temperatures above the T ODT into the isotropic fluid region (for 12 h), and then annealed below the T ODT , recovered structures identical to those observed directly after 3 days annealing at temperatures T g < T < T ODT .
Small-Angle X-ray Scattering. Small-and wide-angle X-rays scattering (SWAXS) experiments were performed on a SAXSess instrument using a Cu KR (λ ) 0.1542 nm) X-ray source and a slit camera configuration. Temperature of samples was controlled in the 10-200°C range. Powder samples were placed in between two mica foils within the sample holder, and diffraction data were acquired during 30 min exposure. Each diffractogram was acquired after 1 h time equilibration at isothermal temperatures. Mica background signal was removed from measured diffractograms, yielding the final SWAXS data. Measurements acquired following this protocol were shown to be highly reproducible.
Transmission Electron Microscopy. For transmission electron microscopy, (TEM) ultrathin sections (approximately 40-70 nm) were cryomicrotomed at T ) -60°C by using a Leica Ultracut UCT ultramicrotome and a Diatome diamond knife. Sections were picked up onto 400 mesh lacey or holey carbon-film-coated copper grids and, in order to enhance contrast, the microtomed sections were stained for 20 min in vapors of aqueous RuO 4 solution (0.5% solution, Electron Microscopy Science), which stains the aromatic hydrocarbons, i.e., dendronized polymer domains. Bright-field TEM was performed on a FEI Tecnai 12 transmission electron microscope operating at an accelerating voltage of 120 kV. Images were recorded using Gatan Ultra-Scan 1000 camera with a chargecoupled device (CCD) size of 2048 × 2048. The dominating contrast mechanism for these samples was the phase contrast, and all the images were taken at the optimum defocus values when the phase contrast reaches the maximum value. 14,38
Results and Discussion
In a previous study, 29 the degree of loading of PG3 with C12 surfactants was described. By applying 1 H and 19 F NMR spectroscopy as well as elemental analysis, quantitative loadings were determined. This was based on (a) a near-correct integration in the 1 H NMR spectrum, (b) the fact that, in the 19 F NMR spectrum, no indication of any residual trifluoroactetate (the initial dendronized polymer counterion) was found, and (c) the correct data from elemental analysis for the elements C, H, N, S, and Cl. On the basis of these results, the present set of dendronized polymer-surfactant complexes was mainly investigated by elemental analysis. As can be seen from Table 1 (entries 1-5 and 8-14) , all data match the ones as calculated by assuming 1:1 complexes. Moreover, selected 19 F NMR spectra confirmed that there was no residual trifluoroacetate. In an attempt to produce a situation in which the coverage is not complete, PG2 was exposed to only 66% of the required C12 surfactant. After isolation of the complex (in a relatively low yield of 25%), its elemental analysis was performed (Table 1, entry 6). As can be seen, the values clearly support a 1:1 coverage despite this mismatch. The same was obtained if the surfactant was used in an excess of 100% (Table 1, entry 7) except for the much higher yield in which the aggregate was obtained (82%). This seemingly inconsistent observation finds its explanation in the fact that the dendronized polymersurfactant complexes precipitate from the reaction medium once a complete coverage is reached. This is on the one hand the driving force for a virtually full coverage (at the expense of a low yield) and on the other a "protection" against any incorporation of surfactant molecules that are not required for charge compensation. Also, for these latter two examples, 19 F NMR spectra were recorded, which again did not show any relevant signals except for the internal integration standard (C 6 F 6 ), which had been added in the nanomolar range from a stock solution with precision instruments.
The detailed assessment of the molecular architecture of the dendronized polymer-lipid complexes was the first necessary step toward investigation of their solid-state properties. To establish the structure and topology of the various LC phases obtained for the solid complexes at thermodynamic equilibrium and the influence of both polymer generation and lipid tail length, entries 1 to 14 in Table 1 were collected and investigated both in the reciprocal space by SAXS and in real space by TEM.
Detailed systematic SAXS characterization for the various dendronized polymer-lipid complexes was already discussed in a previous paper. 29 The results and the determination of lattice parameters for various LC phases are summarized in Table 2 .
Although the exact liquid crystalline group space was determined for all complexes by combining SAXS analysis, cross-polarized optical microscopy, and differential scanning calorimetry (DSC), the exact topology, composition, and characteristic sizes of cylindrical or lamellar domains could not be uniquely assessed, and as a consequence, the molecular packing could only be tentatively proposed.
To provide better insight into the above points, TEM analysis was pursued. In principle, this technique allows one to unambiguously attribute each microdomain to the specific compounds forming the supramolecular complexes by selective chemical staining of individual domains in ultramicrotomed sections. The characteristic length scales of the LC phases considered in the present work, typically in the range 2-5 nm, were very demanding to clearly resolve individual domains, and chemical staining proved to be a critical step in the identification process. Several staining agents were tried, such as OsO 4 , I 2 , and RuO 4 . The latter agent provided the best contrast to electrons with respect to the different domains as it selectively stains the aromatic groups present in the dendrons of the polymers without chemically binding to the fully saturated alkyl tails of the surfactants. 39 Furthermore, because ultramicrotomed 60 nm thick sections stained by RuO 4 presented unchanged contrast to TEM after 6 months from the staining process, possible contrast to electrons provided by preferential diffusion of RuO 4 within alkyl tail domains could be unambiguously ruled out in favor of the chemical staining of the aromatic groups present in the dendrons.
Parts a and b of Figure 2 present the low-and highmagnification TEM micrographs, respectively, of PG1-C12 complex after 3 days of thermal annealing. A long-range order columnar hexagonal phase is shown, with lattice period of 3.60 nm in very good agreement with SAXS studies (3.85 nm, see Table 2 ). The additional important information compared to diffraction studies, however, is that the dark, stained polymeric domains form the continuous phase, while the clear domains, which identify the unstained alkyl tails, form the cylinders.
As a further direct comparison of TEM results with diffraction data, the inset in Figure 2c presents the fast Fourier transform (FFT) of a PG1-C12 TEM micrograph. As in the case of corresponding SAXS diffractograms (Figure 2c ), the first three order reflections corresponding to (100), (110), and (200) Miller indexes are visible, as labeled in the image.
Parts a and b of Figure 3 show low-and high-magnification micrographs, respectively, for the microphase-separated morphology in the PG2-C12 complex after 3 days of thermal annealing. A long-range ordered columnar tetragonal phase is observed, with lattice period of 4.10 nm, again in very good agreement with SAXS studies (3.92 nm). To our knowledge, it is the first time that a tetragonal phase in polymeric systems is imaged in real space at these small length scales. Also, in this case, as for the columnar hexagonal phases, the clear domains identifying the unstained lipid component form the cylinders, while the dark stained polymer domains fill the continuous phase around the cylinders. For the purpose of direct comparison with SAXS and TEM analysis, the FFT of a PG2-C12 TEM micrograph (inset) is compared with the corresponding SAXS diffractogram in Figure 3c . Two reflections, labeled as (100) and (110), are visible in the FFT image of the columnar tetragonal phase, which identify with the first two out the four reflections visible in the corresponding SAXS diffractogram (Figure 3c) . 28, 40 Parts a-d of Figure 4 show the TEM micrographs and corresponding FFT for PG1-C18 and PG2-C18 complexes after 3 days annealing. In the case of PG1-C18 (Figure 4a) , a well-ordered lamellar phase can be observed, as also reflected by the FFT image (inset Figure 4b) , in which 3 reflections can be identified corresponding to (100), (200), and (300). This agrees well with SAXS diffractograms of PG1-C18, which exhibit four consecutive reflections indicative of long-range order (see Figure 4b) . The period of the lamellar phase based on TEM images is measured at 4.20 nm, which again is in perfect agreement with the SAXS data of 4.2 nm. In the case of PG2-C18 (Figure 4c ), the morphology is still lamellar with a 4.80 nm period, but long-range order is lost, as also revealed by the FFT image, which presents only one reflection (inset Figure 4d) . This is consistent with the SAXS diffraction data, which for PG2-C18 show a first strong peak centered at q 1 ) 1.36 nm -1 corresponding to 4.6 nm, followed by a very weak second-order reflection at q 1 ) 2.72 nm -1 (see Figure 4d) .
Because Figures 2-4 report TEM images acquired out of focus to provide sufficient contrast among different domains, the volume fraction of lipid-polymer domains in the micrographs are either over-or underestimated by an amount that is directly proportional to the distance between the image acquisition plane and the focus plane. Thus, TEM cannot be used to quantitatively appraise the volume fraction of clear and dark domains, and alternative methods were necessary to assess the real volume fraction of lipid and dendronized polymer in the various complexes. As will be shown in what follows, however, these values can be determined by measuring the individual densities of the polymer and the lipid components.
Indeed, because elemental analysis has demonstrated a virtually equivalent ammonium-sulfate ratio in all the complexes studied, once densities of lipids and dendronized polymers are known, the volume fraction of surfactant i in the complex formed with dendronized polymer of generation j is given directly by: because 2 j surfactant molecules of mass M i and density F i are attached to each repeat unit of the dendronized polymer having mass M j and density F j .
The helium pycnometer method yield the densities of the surfactant and the dendronized polymer inclusive of their counter-charged ions, while F i and F j in eq 1 represent the densities values of surfactant and dendronized polymers without Na + and CF 3 COO -, respectively. In the present work, it was assumed that the measured densities and F i and F j are essentially the same, which represents only a minimum deviation from actual F i and F j values. Furthermore, gas pycnometry was preferred to measure F i and F j because this technique allows measuring the densities of both surfactant and polymer directly in the bulk state, thus avoiding possible density changes in solution of either component (see Table 3 ). Table 4 reports the volume fractions of surfactants obtained for the various complexes based on eq 1. A few points deserve some discussion.
The first trend that becomes apparent when looking at Table  4 is that any possible rational on driving forces toward the stabilization of a specific LC structure cannot be based uniquely on volume fraction but rather has to account for both the effect of polymer generation and alkyl tail length. For example PG1-C14 and PG1-C18 have similar volume fractions of lipid (0.63 and 0.67, respectively) and are both based on the first generation of dendronized polymer. However, an increase in the length of the alkyl tail by four carbon atoms is sufficient to drive the columnar hexagonal phase into a long-range ordered lamellar phase. Similar considerations can be made for the PG2-C14 and PG2-C18 complexes, where an order-order transition is found between a columnar tetragonal and a lamellar phase. When going from a PG1-C12 to a PG2-C14 complex, the variations in both the length of the alkyl tail (2 carbon units) and lipid volume fraction are both small, but the change from a first-to a second-generation dendronized polymer is sufficient to induce a change from a columnar hexagonal to a columnar tetragonal LC phase. Tetragonal phases being observed only for second-and third-generation dendronized polymers, but with the same surfactants used to stabilize columnar hexagonal phases (C12 and C14), they are then possibly stabilized by the specific packing of dendrons rather than by specific lipid length or corresponding volume fractions. The second, more unexpected result when observing the volume fractions of the lipids in the complexes reported in Table  4 is that the lipids constitute the majority phase in all the columnar phases while forming the cylinder domains. This represents a surprising result because such a configuration, although possible, does not minimize the interfacial energy associated with the lipid-polymer interface. This demonstrates that not only enthalpy energetic contributions but also entropic components such as the conformational entropy of the polymer backbone and dendrons must play a role in the minimization of the total free energy of the system at equilibrium.
Because the volume fractions of lipid and polymer components are known and individual domains have been identified, the radius of cylinders in the columnar phases, r, and width of lipid lamellae in the lamellar phase, d, can be calculated by the following simple expressions:
(i) For columnar rectangular phases:
with a and b being the longer and shorter rectangular lattice parameters.
(ii) For columnar tetragonal phases:
with a being the square lattice parameter.
(iii) For columnar hexagonal phases:
with a being the hexagonal lattice parameter.
(iv) For lamellar phases:
where a is the lamellar period. Table 5 shows, in nm, the typical sizes r and d obtained for the various dendronized polymer-lipid complexes obtained by eqs 2-5.
The packing mechanisms of side mesogenes into cylinders have been already discussed in literature for comblike block copolymers with rigid mesogenes covalently attached to the main linear polymer backbone of one of the blocks. 41 Two possible mechanisms were postulated, the homogeneous configuration in which mesogenes orient parallel to cylinders axis, and the homeotropic configuration, in which mesogenes orient orthogonally to cylinders axis, radially converging toward the central axis of the cylinders. In the present case, supposing the lipid tails as rigid mesogenic units, three main configurations can be postulated for the packing of lipid tails: (i) homogeneous configuration, with tails aligned along cylinder axis, (ii) homeotropic configuration, and (iii) tilted configuration with tails converging toward the central axis of the cylinders, but with a tilted angle with respect to cylinder axis.
However, because lipid chains are not pure rigid rods, they can also adopt configurations close to a random walk, thus filling the cylinders as a pure polymer melt would do. The most efficient packing mechanism will mostly depend on the driving force to segregate between the lipid and dendronized polymers, strong segregation being expected to favor stretched chains. Figure 5 compares the calculated radii of the cylinders in the various LC columnar phases with the contour length of the lipid used to form the corresponding complexes. As it can be noted, within 3 Å tolerance, all the points fall on the same master line, indicating that the radius of the cylinders is equal to the fully stretched alkyl tail independently of the particular surfactant or columnar LC phase considered.
This suggests that (i) the alkyl tails of the lipid chains are fully stretched and that (ii) the chains pack in a homeotropic configuration, both trends being expected to be the result of a very strong segregation between the main polymer backbone and the side lipid chains. Figure 6a sketches the molecular organization of lipid alkyl tails in the columnar LC phases observed for the various dendronized polymer-lipid complexes.
In the case of the PG1-C18 and PG2-C18 lamellar phases (Figure 6b ), although the increase of lattice parameter a goes from 4.2 to 4.6 nm when increasing generation from PG1 to PG2, the width of the lipid lamellae is calculated by eq 5 to remain constant at 2.8 nm. Thus the increase in lattice parameter is due uniquely to the increase of generation, while the thickness of the lipid layer is unchanged, in agreement with the constant length of the lipid in the two lamellar structures. Furthermore, by comparing the 2.8 nm to the 2.5 nm contour length of fully stretched C18 sulfate lipids, an almost complete interdigitated configuration of the alkyl tails within the lipid domains can be expected.
In summary, in the present work, we have provided experimental evidence that in dendronized polymer-lipid ionic supramolecular complexes, the surfactant tails can be confined 
into discrete cylindrical domains despite the fact that these account for the majority volume fraction. By using suitable processes to remove the lipid phase, while preserving the dendronized polymers (such as increases of pH to enough basic values leading to deprotonation of the ammonium charges in the dendronized polymers), these liquid crystalline phases can potentially be used to design nanoporous material with large interfaces and controllable pore sizes.
Conclusions
We have investigated the complexation efficiency and real space structures of liquid crystalline phases formed by dendronized polymer-lipid ionic complexes by means of elemental analysis, density measurements, and transmission electron microscopy. Elemental analysis allowed demonstration that, for every generation of dendronized polymer and lipid length, an equimolar charges complexation occurs independently of the initial stoichiometric ratio used. This demonstrates that the complex precipitates from water only when a 1:1 complexation is achieved and that any eventual excess component (either surfactant or polymer) remains in solution. Selective staining of the dendronized polymers by RuO 4 allowed identifying both the lipid and polymer domains in both columnar and lamellar phases. It was then surprisingly found that, although lipid surfactants form the domains with the majority volume fraction, they are confined within the cylinder domains in all the columnar phases, e.g., rectangular, hexagonal, and tetragonal columnar phases, respectively. Indeed, by measuring the individual densities of both surfactants and polymers, volume fractions of lipid and polymeric domains could be established in all the various liquid crystalline phases, and the thickness of lamellar layers or cylinders radii in lamellar and columnar phases, respectively, could then be derived by simple topological models.
To provide a rational for the molecular packing of the lipids in the various structures, the characteristic size of lipid domains was then compared with the length of fully stretched lipid alkyl tails. It was shown that, for lamellar phases, lipids essentially pack with interdigitated alkyl chains, while in the case of columnar phases, the packing of alkyl tail is expected to occur in an homeotropic manner in which the chains are fully stretched and oriented radially and orthogonally with respect to the cylinder axis. These results were understood in terms of the strong segregation driving microphase separation of polymer and lipid domains and the conformational entropy of dendrons and are anticipated to have an impact in the design of organic nanoporous systems.
